Introduction
In conjunction with already reported studies on the molybdenum halides,(l) data on the most important oxyhalides-which so complicate the dry and wet chemistry of molybdenum-are a desiderata. Although it was anticipated that the magnetic and/or ordering contributions of these compounds might provide interesting features in the heat capacity, since none were detected over the range of investigation, it is hoped that extensions to both higher and lower temperatures may eventually be undertaken. However, higher-temperature studies will probably require a silica-lined calorimeter.
SAMPLE PROVENANCE

Experimental
Three oxyhalide samples, together with analytical data, were kindly provided by the Climax Molybdenum Company of Michigan. The MOO&I, was of a yellowish color, the MoOCl, was dark brown, and the MoOCl, was dark green. The analytical information is presented in table 1. In addition, infra-red analysis on Nujol mulls revealed the proper absorption bands and the absence of water. Extra care had to be taken in loading the oxyhalides because of their very high sensitivity to moisture, and particularly with the oxytetrachloride which is also light sensitive. Sample masses, densities, molar masses, and amounts of helium gas used to enhance thermal equilibration within the calorimeter are summarized in table 2. 
985
The measured heat capacities of the three oxyhalides are presented in table 3 and depicted in figure 1 . The results are presented in chronological sequence so that the magnitude of the temperature increments employed may usually be inferred from the differences between adjacent mean temperatures of the determinations. These values are considered to have a precision-and an accuracy-expressed by a standard deviation of 8 per cent below 10 K, decreasing to 0.1 per cent above 2.5 K.
Several enthalpy-type determinations on the dioxodichloride over the range 175 to 205 K revealed accord with enthalpies integrated from the heat capacities to within f0.02 per cent.
An apparent hump in the heat capacity of the oxytrichloride at about 9.7 K is enlarged in figure 2 , and is characterized by a gradual rise followed by a rapid decline in the heat capacity; no explanation for its source is evident. The total enthalpy increment from 5 to 13 K was determined by three separate series of measurements as (7.0 f 0.1) Cal,, mol-' and deduction of the lattice contribution (6.2 _+ 0.1) cal, mol-l yields an enthalpy of transition 0.8 Cal,, mol-' and a corresponding entropy of transition of 0.09 Cal, K-l mol-'.T The small magnitude of these values suggests it may be an impurity effect yet no transition was detected in the other oxyhalides and halides studied. It was not included in the integration of the thermodynamic functions.
The heat-capacity determinations on molybdenum oxytetrachloride were not extended higher than 310 K as the presence of an apparent exothermal reaction was detected as occurring at temperatures above 292 K. The reality of the reaction was confirmed on unloading the calorimeter when a loss of 4.6 mg (presumably copper) in the mass of the calorimeter was confirmed. Near 50 K, measurements of the heat capacity before and after the reaction gave identical values, but adjustment in the mass of the calorimeter was needed for subsequent samples.
The heat capacities below 6 K were obtained by plots of C,/V against V2 for these substances as shown in figure 3 . From the results and these extrapolations, thermodynamic functions were generated and are presented in tables 4 through 6. Above 100 K these functions are probably reliable to within 0.1 per cent.
7 Throughout this paper G&Y, = 4.184 J. It should be noted that possible magnetic-ordering transitions occurring below 5 K have not been included in the thermodynamic functions. Moreover, the values of {S"(T) -S"(O)> and -(G"(T)-H"(O)}/T are practical ones in that contributions from isotopic mixing have not been included.
Utilizing extant data on the enthalpies of formation on the dioxodichloride,(5) the oxytrichloride,(6' and the oxytetrachloride(') summarized in table 7, together with entropies of oxygen(') and chlorine(') and the results of this research yield the standard Gibbs energies of formation shown in this table. It should be noted in both the entropies and the Gibbs energies in this table that possible magnetic-ordering transitions in the oxyhalides could increase the former and decrease the latter by amounts in excess of the standard deviations noted. An endeavour to estimate the magnitude in this adjustment has been made elsewhere.'g)
We acknowledge with gratitude the continuing support of the National Science Foundation, and that of Rockefeller Foundation provided to one of us (H.L.K.), as well as the generosity of Dr Calvin Hallada and the Climax Molybdenum Corporation in providing us the calorimetric samples and analytical data for this endeavour.
